Finally, 1,283 men and 1,779 women without cardiorespiratory diseases and diabetes had complete data on lifelong PA, covariates and rMSSD, and 662 men and 807 women for BRS.
Introduction
Paragraph 1 -Physical inactivity is an important risk factor for the development of various cardiometabolic diseases. Importantly, physical activity (PA) has been associated positively with cardiac vagal activity, as measured by heart rate variability (HRV) and baroreflex sensitivity (BRS) (5, 15, 18, 21, 24) . Cardiovascular autonomic function is known to be related to cardiometabolic risk factors (11, 30) , and its improvement with increased PA has been postulated as one potential mechanism that leads to reduced cardiovascular risk, independently of traditional risk markers (9) . Impaired cardiovascular autonomic function, manifested as depressed vagal and augmented sympathetic activity, has been shown to increase the susceptibility to cardiac events and death in various human populations (13, 14) .
Paragraph 2 -
The effects of lifelong PA on HRV in retrospective studies are inconclusive (10, 32) and, as far as we are aware, there are no studies which have investigated the relationship between lifelong PA and BRS. Notably, some cross-sectional studies have not detected any impact of PA on cardiovascular autonomic function that is independent of demographic, metabolic and genetic factors uniformly in both sexes (3, 6, 11, 25) . The strong age-and sex-dependency of cardiovascular autonomic function may attenuate the contribution of PA to HRV and BRS (6, 11, 30) .
Paragraph 3 -
The purpose of the present study was to determine whether lifelong PA contributes independently to cardiovascular autonomic function in middle-aged men and women in large and prospective Northern Finland Birth Cohort 1966 (NFBC1966). We hypothesized that high level of lifelong PA would be associated with better cardiovascular autonomic function in these now middle-aged subjects of NFBC1966. Paragraph 7 -Analysis of heart rate variability: Artefacts and ectopic beats were removed and replaced by the local average (Hearts 1.2, University of Oulu, Oulu, Finland).
Methods
However, sequences with ≥10 consecutive beats of noise or ectopic beats were totally deleted.
The RRi series with ≥80% accepted data were included in the analyses. A total of 5,679 subjects took part in the RRi recordings and of these 5,473 (96%) had eligible HRV data for both phases of the protocol (seated and standing). Mean HR and root mean square of successive differences in RRi (rMSSD, ms), a robust measure of cardiac vagal activity, were analyzed along with Paragraph 9 -Assessment of physical activity: PA was self-reported at 14, 31 and 46 years of age (PA14y, PA31y and PA46y). At the age of 14, the subjects were asked how often they participated in sports after school hours with the following alternatives 1) daily, 2) every other day, 3) twice a week, 4) once a week, 5) every other week, 6) once a month and 7) generally not at all. The answer options 6 and 7 were combined. At the ages of 31 and 46, the subjects were asked how often they participated in brisk physical activity/exercise during their leisuretime. The term 'brisk' was defined as physical activity causing at least some sweating and getting out of breath, corresponding to moderate-to-vigorous intensity. The six response alternatives were 1) daily, 2) 4-6 times a week, 3) 2-3 times a week, 4) once a week, 5) 2-3 times a month, and 6) once a month or less often. For the age-specific PA variables, the two consecutive answers were combined.
Paragraph 10 -Latent Class Analysis (LCA) was used to obtain clusters in which the individuals had a similar profile of PA from adolescence to middle-age (Auvinen et al. In LCA, the number of clusters is increased until the most appropriate model is found (19) . We assessed models with cluster number of one to seven and determined the best-fitting cluster solution of these candidates by calculating the Bayesian Information Criterion. We considered the interpretability of the classification, the conceptual meaningfulness of the models, and the sizes of the subgroups while choosing the best solution (17) . The clustering was done for all the applicable subjects and both sexes together, not only for those subjects with measured HRV and BRS. (Table 1, Supplementary table 1) .
Paragraph 13 -Statistical analysis: Gaussian distributions of the dependent variables
were verified by visual inspection of the histograms. In case of skewed distribution, the variable was transformed into a natural logarithm before statistical analyses (rMSSD and BRS). Oneway ANOVA was used to compare the PA groups and sexes which was followed by (Table 2 ). E.g. current smoking was more strongly associated with outcomes in autonomic function than PALife in men (Supplementary   table 2 ). However, PA46y was independently related to the measures of cardiovascular autonomic function (Table 2 ).
Paragraph 15 -In women, PALife was related to all measures of cardiovascular autonomic function in both the seated and standing positions, with the exception of α1 (Table   3 , Figure 2 ). PA46y was associated with seated BRS approaching borderline statistical significance (p=0.075). In the multivariate analysis (Block I+PALife), all significant univariate associations between PALife and cardiovascular autonomic function remained significant, with exception of the seated BRS (Table 3) . Body mass index and BP were also potent factors underlying the variance in autonomic function (Supplementary table 3) .
Discussion
Paragraph 16 -This is the first prospective study to reveal that lifelong PA associates with cardiovascular autonomic function, as measured by HRV and BRS, in a middle-aged population. In women, lifelong PA was independently associated with vagally-mediated HRV and BRS. In men, however, this association was not independent of the other lifestyle and cardiometabolic factors that may mediate the autonomic adaptations to lifelong PA. These findings underscore the importance of long-term PA in prevention of autonomic dysfunction and related cardiovascular risk.
Paragraph 17 -The present study revealed independent association between current level of PA at middle-age, and cardiovascular autonomic function in both men and women. In contrast to some previous findings (3, 6, 11, 25) , the present study supports the proposal that PA exerts a significant impact of cardiovascular autonomic function that is not completely explained by the other cardiometabolic and lifestyle factors (5, 9, 15, 18, 21, 24) . The intensity of the PA may explain some of the previous conflicting findings. A less significant impact of PA on cardiovascular autonomic function has been observed in those studies that did not estimate the amount of PA at higher intensities (3, 11, 25) . We also observed that PA at age of 31 was a more potent determinant of cardiovascular autonomic function in women than in men, which also supports this hypothesis. While the earlier PA affects the PA at later life (26), it is important to note PA14y was not associated with cardiovascular autonomic function at mid-life. Therefore, PA during adulthood seems to be the key for the present observations. It is noteworthy that we cannot establish the causality between PA and cardiac autonomic function. Therefore, there may be factors during the growth and aging affecting both long-term PA and the outcomes in autonomic nervous system that remain to be established.
Paragraph 19 -Age and sex are the two most important modifiers of cardiovascular autonomic function (6, 11, 30) . Along with large sample size, the strength of the present study is that age was strictly controlled in the sex-specific analyses. This, however, also explains that in total, independent factors accounted for only ~20% of variance in HRV and BRS in men, and even less in women. However, this is at least as large as age-and sex-adjusted contribution of the other demographic and lifestyle factors on HRV and BRS in previous studies (6, 11, 25, 32 ).
Paragraph 20 -The present study provides novel information about the effects of prospectively assessed lifelong PA on BRS, which is known to be a strong determinant of cardiovascular risk (13, 14) . PALife was associated with BRS in both sexes, but associated independently only in women when BRS was assessed in the standing position. Notably, spontaneous BRS method reflects baroreflex physiology with better reproducibility, particularly when evaluated in the standing position (8, 28) . Like HRV, BRS has been typically measured at supine rest why the results may not be fully comparable with the previous reports.
In the present study, seated BRS and rMMSD values were lower than those reported previously from the recordings at supine rest in comparable populations (11, 23) . Importantly, BRS reflects autonomic outflow to sinoatrial node in relation to the sensation of arterial transmural pressure by baroreceptors that is related to mechanical properties of the vessel (16) However, Kaikkonen et al. observed that physical fitness was related to the low-to-high frequency in the obese individuals but, as with the present fractal α1, the contribution of the other determinants remained low (10) . While the assessments of sympathetic activity and sympathovagal balance by HRV methods are susceptible (7), the impact of lifelong PA on these features of autonomic regulation remains to be determined.
Paragraph 22 -Body mass index and BP were important factors underlying variance in HRV and BRS in both sexes although the former's independent value decreased when including cardiometabolic markers in the model (Supplementary tables 2 and 3 ). This suggests that lifestyle changes targeting on these risk factors may also benefit in terms cardiac autonomic function. For example, a unit decrease in rMSSD (ln) has corresponded ~70% increase in adjusted risk for cardiac event during the mean follow-up of 3.5 years in middleaged general population (29). When assuming causality, the present results suggest that the cardiac risk related decreased rMSSD might halve by improving all unhealthy habits in men, potential effects of lifestyle changes being lesser in women. However, it must be acknowledged that the effects of lifestyle factors on cardiac morbidities are not exclusively mediated via autonomic nervous system.
Study limitations
Paragraph 23 -The HRV analysis is from the short-term recordings are less reproducible than longer-term ambulatory recordings (4). For example, cardiovascular autonomic function is affected by the time from the previous meal, which although controlled, was relatively short.
This was a tradeoff related to other competing priorities resulting in some compromises in the extensive protocol of NFBC1966-study. Spontaneous breathing may confound the spectral analysis of HRV and BRS (20). In subjects with a breathing signal (n=1,441), ~10% had a breathing frequency at LF but this was not associated with PA. Moreover, rMSSD is less 
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Supplementary table 3.
The most significant determinants of cardiovascular autonomic function in the multivariate linear regression in women.
First, the significant independent factors in Block I were established (stepwise, forward). Thereafter, the significant factors in Block II (stepwise, forward) were added to the initially established model (Block I). The values are unstandardized coefficients β (per class or 1 SD) and their significances (p value). HR heart rate, rMSSD root mean square of the successive differences in R-R intervals, BRS baroreflex sensitivity, PA physical activity, HDL high-density lipoprotein.
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